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Abstrflfl; 



tLew Pr°te t p-p 9lY r n t 1 n X3 __ £eQlijaa££a 
The invention relates to a system for transporting 
nuclei acids into t:,e cell, which is effected by 
receptor-mediated endocytosis. Using a transferen- 
ce ycation conjugate, a complex can be f orBed uitn th . 

polyanionic nucleic acid. This r-nn,r,i — ; _ 

• complex is bound to the 

transferrin receptor, which is highly regulated in 
growxng cells, and absorbed into the cell. Suitable 
nucleic acids include those which inhibit specific genes 
or the K* A function , such as antisense Qlig : nucleo 

or ribo 2ym es or the genes coding for them. The 

invention further roiafo.. «. _ 

. Iurtn « r relates to a process for introducing 

nUC " 1C aclds the cells, transferrin- 

pclycation/nucleic acid complexes and pharmaceutical 
preparations containing them. 
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The invention re^T^^^^ 
substances vith an » ff< tra "=Porting of 

Antisense rnas and dna* K ail 

sequences i n cell-f^ Ce ^tain aenetic 

^vin g cen. " , ^ " « -ithin the 

meir mode of activitv i<= ^ 
specific recognition of Sed on tl;e 

.*»- and 2::: r ~ nta - nucieic acid 

transcription, translat ^ ^ ^J?™*** «" 
»ecnan isa of activity t heor eti ca ! ^ P " CeSSes - ^ 
— antisense oligonudeotides « IZ * t0 

: hi : h ^ »«* the e^ssion o; " ;:i: tic agents 

33 de ~9ulated oncogenes or viral c 9 * neS (SUCh 

:z — — — «-t l: :::: Li jt 

oligonucleotides can be i mp o rted into!?? 

their inhibiting activity tn *"* Perfo ™ 

1986* - c ^ivxty therein (Zantcnik et a i 

"86). even thQugh We int et «L. 

thereof i s i ow , Dartlv ace llUar concentration 

upt a .e thr 0ugh ' th p r , ::r e of their restrict - 

"native charge of to the strong 

Another method of selectively inhihf 
insists in the appUcation of r LTZ ^ 9M " 
molecules which recognise 1*1 * *"* 

— - bind to the^r c :r;: e r ~ s and 

" the need to guarantee « e h ? T the « 
concentration of active r ^^ 

transportation into the c ln the for which 

factors. 1 18 one of the limiting 

In order to counteract this 
number of solutions have alrel ' 1Dltlng fact «' * 
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modification of nucleic acirfc « 

osphonat ^ 1986)> ^1 

*t al i 987) or Sllyl coopounds (Cormi 
or using phosphorothioates (st *r» .t .1.. ' ' 

Another possible method of direct modification consists 
>n t,e use of nucleoside analogues (Morvan et .1. , 8 e 
Praseuth et al., 1988)). 88 ' 

a ore!!" th ° U9h S ° me ° £ theSe P"P°"1- aPP-r to offer 
a promising way of solving the problem, they do have 

numerous disadvantages, e.g. reduced binding to the 

chi T,,* 3 rCdVjCed inhib ^o^ -tfecv. A 

chief disadvantage of the ^ vivo, use of Bodifitd 

oligonucleotides is the possible toxicity ol thes- 

compounds. ' 

the ot" alternatiVe Bethod to ^e direct modification of 
the oligonucleotides consists in leaving the 

oligonucJectide itself unchanged and providing it with a 
Sroup which will inpart the desirfid properti J H 

thl'ceir BOleCUleS *«-P«*t.tio„ into 

the cell ea S1 er. One of the proposed solutions within 
th scope of this prin.i ple consists in conjugating ^ 
oligonucleotide with polycationic compounds (LeBai l e et 

Various techniques are known for genetic 
transformation of kalian cells ^ y^o. but the use 
of these techniques ^ vivo is restricted (these include 
th introduction of DNA by means of viruses, liposomes 
electroporation, microinjection, cell fusion, deae 
dextran or the calcium phosphate precipitation method) 

Attempts have therefore already been made to 
develop a soluble system which can be usad ^ vivo 
which will convey DNA into the cells ir. a direct' 
manner by mean, of receptor-mediated endocytosis (c.y. 
C.A. Wu, 1987). This system uas deye 

tr ia °:n: s and is based essentiany °- «» 
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1. On the surf.ce of the hepatoses there are receptors 
which bind specific glycoproteins and convey them 



into the cell. 



2. DNA can be bound to polycat ionic compounds g 
polylysine. by a strong electrostatic interaction, 
forming soluble complexes. 

The system is based or. the principle of coupling 
-olylysxne with a glycoprotein of a kind to which the 
xoceptor will respond and then, by adding DNA, forming „ 
soluble glycoprotein/polylysine/DNA complex vhich will 
be transported to the cells containing the glycoprotein 
receptor and, after the absorption of the complex into 
the cell, will Mke it possible for the DNA sequence to 
be expressed- 

An object of the present invention is to provide a 
hignly active transporting system which is more wrWy 
applicable than the known system, which can only be used 
for one particular cell type owing to the specific 
presence of the receptor on this ono. cell type. 

According to one aspect of the invention there is 
provided a protein-polycation conjugate comprising a 
polycation bound to transferrin. 

Transferrins are a class of related metal-binding 
transporting glycoproteins with an ir, vivo specificity 
for iron. Various aammalian transferrins have been 
identified, plasma transferrin supplying the majority of 
body tissue with iron. The Bain pcoUucer Qf transferrin 
is the liver. 

Transferrin has a molecular weight of about 80 ooo 
6% of which consists of the sugar residues. A 
transferrin molecule is able to bind two molecules of 

iron, and this bindina ^pmi-v^e - 

wj.iiuj.ng ^equ^res the presence of 

carbonate or bicarbonate ions. 

The transferrin receptor, vhich occurs in a number 
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Llir T P ° SSibly dCViate Sli ' htl * one 

r e various cciis in «» c arbohydrate 

wllghl of V" nSnenibrane 9lyWpWt ' l » a Bo ecular 

lb I to l T '° 00 ' WMlSt * -^cuxe is 

-ble to bind one or possibly two nolecule* of 

transferrin. 

receptorT Phy " 1 ° 1 ° 91 " 1 *» «' '•«. the transferrin 
receptor has a very high affinity for Fe tran.f. 

lower affinity for the Fe transferrin ^ tMnSferrin ' 
. ff . u . "-"nsterrin and virtually no 

ffinity for apotransf errin, even though the latte 

::; ;; ery stabie c °°^* «- . t . PH of 

Transferrin receptors have b*en detected in 

particularly large numbers in precursors of 

erythrocytes, placenta and liver anrf 

„_ _ Aiver anc! in aeasurable 

amounts i„ a nuBber of other ^ ^ 

particularly interesting observation is that the 
receptor is highly regulated in growin, cells. It nas 
also been observed that the number of receptors 
substantially increased in neoplastic Ussue ^ ^ 

i:r:i with benign ie5ions - - 

iron requirenent. The absorption »echa„i, B of th- 
transferrin-iron complex by receptors and the " 
intracellular cycle thereof have been thoroughly 
researched. Y 

There is still no absolute certainty as to the 

exact sequence of events of the release of the iron 

molecules by transferrin, although the majority view is 

that the molecules are released mainly intraceUu rl 

in a process which is dependent on energy and 

temperature, Fe transferrin or Fe tr»ncf. ■ • 

frr, *-k« _ ' trans ferrin is bound 

to the receptor on the cell m^™^» 

, . _ - cel1 »e«brane. ^en the complex 

bsorbed into a vesicle, referred to as endosoue o 
receptosome. This is combined wi.h another vesicle 
having a p„ „ f < 5 . 5; th . , cidlfl 

the iron to be released by the transferrin. The 
apotransferrin receptor complex is then transported ba Ck 
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lloT T r brane * Whel " e "™ t « l ^ ««« the 

«L i ' ThCre iBdi ««on. that th. 

recycle,. the , U nctio;,ing o£ wh . ch ^ ^ 

a inity of the reoeptor f „ apo _ or ^ fcr 

through vesicles of the Colgi apparatus. 

At a molecular level, the initiation of th- 

^reir"^ CyCle ^ y ^ teen -Pained; th.,. are 

" h/ " re9arding S ° Be aS ^ tS ' •■9- the 

W UhT ° f PhOSPh ^ lati - CHu.h. r . et al.. 

the first T PreS6nt inVe " ti0n U ^ en «<>r 

V tln,e t0 Bak<i — o^thi. active transporting 

st- m order to convey into nucleic P - 

the absorption of which would otheivise be low or 
difficult to achieve. 

The present invention includes polycation 
corrugates which are capable of foxing co m pl exes with 
substances hav in9 an affinity £or polycatio P s 

particularly nucleic acids or nucleic acid ana log Ues 
and these complexes are absorbed ^ ^ • 

of rece P tor- m ediatea endocytosis. the prote: n content of 
the conjugate being transferrin. 

It has been found, surprisinalv i-h.* , . 
. ^ . u *prising±y, that nucleic acid<^ 

on be efficiently transported into th, cell whilst 
fining their inhibitory activity, using conjugates 
according to the invention. * 

The word "transferrin- as Used herein is intended 

;; C 7 3S b ° th the " at ^ transferrins and also 
modified transferrins which are bound by the re-e D tor 
and ,ransported into the cell {such 

tr.„.f.„i„. fay consist, for exa rap i e . of a cnangtJ in 

he a ra ino acids or a shortening of the n olecule to 
fraction which is responsible f„ 

Th. „„, res P° ns ^le for receptor binding). 

The molar ratio of transferrin 
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2l\T y 1 neCGS b ° Withi " Wld " »»it-. provided 
that it sat Ufies the condition that completing of * 

nucleic acid or acids t^,s place and it is ensured tL 
tne complex £orffled win fae bound fay fche ^ th - 

receptor and conveyed into the cell; this can eas be 

t ::\:::: m ^ experiaents — - «~ - 

si.e o7th atl Y h ° Sen Wil1 dCPend Particul «^ on the 
sx,e of the polycation molecule and the number and 

distribution of the positively e h»r n „H 

criteria H»i lively charged groupings, these 

criteria being matched to the size and structure of the 
nucleic acid or acids to be transported and to any 
modifications thereto tk^ ~ i 

or different. Potations may be identical 

The. following coapounds may be used as polycations: 

a) Protamines: these are small (MW up to about 8000, 

- : «ngly basic proteins, the positively charged amino 

groups of which (especially arginines, are 
usually arranged in groups and neutralise the 
negative charges of nucleic acids because of their 
P=lycaticMc nature (Warrant et al.. 1978) . T „ e 
prolines vnich ,ay be u,ed witnin the scope of the 
present invention may be of natural origin or 
produced by recombinant methods, whilst multiple 
copies may be produced or modifications may be made 
in the molecular r.ize ftr . d amino acid sequence 
Corresponding compounds may also be chemically 
synthesised. when an artificial protamine is 
synthesised the procedure used may consist, for 
example. in replacing amino acid residues, which have 
functions in the natural protamine which are 
undesirable for the transporting function ( e .g the 

condensation of DKA) with other suitahi. » • 

. Ulner suitable amino acids 

and/or at one end providing an amino acid (e a 
cysteine) which will enable the desired conjugation 
with transferrin. 
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b) Histones: these are sn*ll nwi K ^r 

sn*n DNA-bindmg proteins 

present in the chromatin. having . hiqh proportion 
positively charged as .ino ac ids (lysine aml inl 
which en.ble the* to bind to DNA independently of the 
nucleotide sequence and fold it into nucleosomes. the 
arginine-rich histones H3 and H< being particularly 

suitable (Felsenfold, 19761 Ac r nr 

«-»'«»). As for the preparation 

and modifications thereof, the remarks made above in 
relation to protamines apply here as well. 

c) Synthetic polypeptides such as homologous 
polypeptides (polyly s i ne , poly.rgini.ne) or 
heterologous polypeptides (consisting of two or norc 
represertatives of positively charged aii no acids,. 

a) Non-peptide cations such as polyethyleneimines. 

The size of the polycations is preferably selected so 
that the sum of the positive charges is about 20 to 
500 and this is matched to the nucle . c ac . d vh 
to be transported. 

The transferrin-polycation conjugates according to 
the invention may b- produced chemically or if th* 
polycation is a polypeptide, by the recombinant method 
Coupling by the chemico.1 method can be carried out in a 
-nner known ^ M for the ^ 

72T\T indiVidUai COraP ° nentS ^ be with 
linger substances before the coupling reaction ('his 

L r nibie r 7 s nec T ry whf:n there is no fi - ncti °- 1 *™P 

suitable for coupling available at the outset, such as a 
nercapto or alcohol group,. The linker substances ^ 
bifunctional compounds which are first reacted with 
functional groups of the individual components after 
which coupling of the modified individual component, is 
c a rried out. ^ s ls 

Depending on the desired properties of the 
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conjugates, particularly the c'esircd stability thereof, 
coupling may be carried out by means of 

a) disulphide bridges, which can te cleaved again under 
reductive conditions (e.g. using succinimidyl pyridyl 
dithiopropionate (Jung et al. # 1901)). 

b) Using compounds which are largely stable under 
biological conditions (e.g. thioether*, by reacting 
maleiraido linkers with sulfhydryl groups of the 
linker bound to the second component). 

c) Using bridges which are unstable under biological 
conditions, e.g. ester bonds, or using acetal or 
ketal bonds which are unstable under weakly acidic 
conditions. 



The production of the conjugates according to the 
invention by the recombinant method offers the advantage 
of producing precisely defined, uniform compounds, 
whereas chemical coupling produces conjugate mixtures 
which then ha\e to be separated. 

The recombinant preparation of the conjugates 
according to tho invention can be carried out using 
methods known for the production of chineric 
polypeptides. The polycat ionic peptides may vary in 
terras of their size and amino acid sequence. Production 
by genetic engineering also has the advantage of 
allowing tho transferrin part of the conjugate to be 
modified, by increasing the ability to bind to the 
receptor, by suitcble mutations, for example, or by 
shortening the transferrin fraction to the part of the 
molecule which is responsible for the binding to the 
receptor. It is particularly expedient for the 
recombinant preparation of the conjugates according to 
the invention to u;e a vector which contains the 
sequence coding for the transferrin part as well as a 
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polylinker into which the required 

P o lyca t ionic peptide i~ e r qu r; h coding for 

set of expression plasaids can h J ' a 

P1.-1- containing the ** ° btained ' «* which the 

nectary in ord J t " s r s ed t ! eqUenCe >° « 

r -the invention. conjugate according to 

The nucleic acids which are to be tr. - 
I the cell Eay be DNAs or Mks wit !" tranSp ° rted '"to 

*.u *vnns. With HO rfi«;fri rt t- ; 

the nucleotide sequence. The nucleic acL " 1° 

-Ufied. prided that .his n>od at " ! ^ — 1 

"».ct the polyanionic nature of l h "°* 

these modification. • , 6 nuclei c acHs; 

""uuications include for 

substitution *w example, the 

Dho, k Phosphodiester group by 

Phosphorothioates or the use of T 

nucleic acids which I ,MCl *° Si *' Rogues. 

I *-k nicn aa / be used within 

' P " Sent l — tion include particular^ \T 

are to be transported i nto the Ce ll ! 1 ^ 

inhibiting specific oen/ ^ PUrp ° se <* 

^» f«*-ii:ic gene sequences ts«. 

-tisense oligonucleotides and ^iTo* ? 

^ether with a carrier nucleic aci ^ k ? " ^ 
the si 2e of the nucleic a^ids th. 9 " d t0 

Permits a vide ranee , Mention again 

wxae range of uses. Thero ic . , 

brought about by the t r »„« 1CWer limit 

««. invention; an lo e ' ""£! 4 * W " to 
■* <«r reasons spec f Ic to th "° Uld 
-isense oli^l j£« w^^T h"' 9 " ""^ 
nucleotides would hardly be suit.M ° Ut " 

of specificity. Using th! ° Wln9 t<J their lac * 

invention it L al I LT^^ <° 
- cell, the ^r ,^^ ^ 
nucleic acids < e a • sed as "rrier 

possible to convey differ ! P " CtlCal Use - ^ is also 

"vey aitterent nucleic ari^,. * 

at the sane time using th. r- • lnt ° the cel1 

invention. 9 ^ COn ' uaat « accoro.ng to th. , 
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the receptor which can be exoloi* „ 

cei^s. fltiQS into specific 

Within the scop* of the ptesent . 

b " n to denonstrate tllTT ^ U haS 

conjugates can be efficiently ™ t " n "-«in-polye.tio„ 
internalised. The T ^ 

-ans that they can be .d.i„u£ r !! ^ 

6nSUres a constantly high exore. "P*" 6 ^ *nd thus 
into the cell. «P"s sl0 n of genes inserted 

-1^^:::,::::,;;;:;°— - show that the 

-P-ce the native^ J^ri* 

srr : ~ «: fact 

Ded trough the cell bv M . e 
-ceptor has been J T u :i r th ° f tranSfe »i" 
«A - ponent . It « the luc iferase gene as 

transferrin e fficiently b d 6 ? a h °- * hat ~tiv 
Polycation /DNA complex y an 7 aCeS K the tr.«.f. rrin . 

reduction in the 1 c e^e' ^ * 
™- -xp.ri«„t. ca V" 1Vity in the cell, 

this invent, have the SC °P* of 

— e gene ( the ^ * 

V-erbU sequence, can be L ! di "cted against . 
-i-en cens Using ^ ~ —transf^ed 

-v*ntion (Poly^sine-transL ri : n T n9 * ^ 
transforming activity of th» atte "^te the 

the ttore signil , icant IT;;^' "suit is 

ribosome g ene vas used ir , h * SraaU araount of 

a vi dc range. anO it u not Vaty 
to neutralise all tr- * " ab =°lutel y necessary 

»tio win hav , tQ fc ; ; dj J te S d ° f ^ he "-d-ic acid. Tnis 
depending on criteria * licn !! J °* *' Ch ^"idual case 
the nu c i eic acid v tl : cf / is * ' **' S " e and structure of 

the p — - -e n U ::;: n r::;-- ; - .1.. of 

■ =>urxr *ution of its 
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charges, so as to acMeve 

and biolog ical activity of trans Port,bil ity 

-our.ble to the par J c a ^ --i acid wMch ^ 

ca : first - adjusted i u ;; r ^ — 

using the delay in the * ly ' for e **">Ple by 

• c«. using the j;::, f s ;r: ion - - «. 

or by density gradient centriL,,- *" a9ar ° Se 96l> 

Provisional ratio h* k rifUgatlon - Once this 

ratio has been obtained i( . 

to carry out transporting tests h ^ 

labeli ed convex with respect to ,T "Actively 
activity of the nucleic acid BaXiBUm ava — "le 

the proportion of conjugate '"^ ^ a " d the " "duce 
-aining negative charges o the^cT" " ^ 
- --de to transportation il^r ^ ^ 

The preparation of the transferrin 
Polycation/nucleic acid c ODplexe " 
-biect of the invention. c ^ ° ^ 3 

-thods *nov„ « fQr the ^ J- »- «t using 

compounds, one possible way of av ' 9 ° f POl * io "ic 
aggregation or precipit ation L "° ' 
co.pon.nt. together first 0 ^Th^ ^ 
«olar) concentration of 9 " (about 1 

-J-t to physio^g La ^ " — ently to 

or dilution. Prer -I rab y e na co C ° nCentrati - »y dialysis 
con jugate used in the ^ "^ration. « ««A and 
too high (more tnan l00 P X reaction are not 

flexes are not precipi^l' ^ th " the 

transL h :rL r : P f :: y r :: t r cieic ~ t « ^ 

the invention is antisense-E^ ^.^^ "«»*i»g to 

rib — « - ,ene coding Tor TZT^ " * 
antisense-RNAs are used it i ribo 2 y mes and 

to use the genes coding for " Particul «lY advantageous 

—ion of ^. prefer - Tz:zv: ich inhibit - 

9ene - B * introducing the gene^ t! th 3 
^stantial a mpllf ication * 

against the of ^ as e su ^ 1 a = 

Cn ' and c °nsequently a 
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sufficient amount to inhibit the biological reaction is 
ensured. Particularly suitable carrier genes are the 
transcription units, e.g. \m\ genes, required for 
transcription by polymerase III. Ribozyme genes, for 
example, may be inserted into them in such a way that 
when the transcription is carried out the ribozyme is 
part of a compact polymerase III transcript. Using the 
transporting system according to the present invention 
it is possible to intensify the activity of there 
genetic units, by guaranteeing an increased initial 
concentration of the gene in the cell. 

The invention further relates to a process for 
introducing nucleic acid or acids into human or animal 
cells, preferably forming a complex which is soluble 
under physiological conditions. 

The invention further relates to pharmaceutical 
preparations containing as the active component a 
nucleic acid which specifically inhibits a gene, 
complexed with a transf err in-polycation conjugate, e.g. 
in the form of a lyophilisate. Such pharmaceutical 
preparations may be used to inhibit pathogenic viruses 
such as HIV or related retroviruses, oncogenes or other 
key genes which control growth and/or differentiation of 
cells, e.g. the c-fos gene or the c-myc gene, together 
with antisense oligonucleotides, antisense 
oligonucleotide analogues or ribozymes or the ONAs 
coding for them, optionally together with a carrier 
nucleic acid, in humans or animals. 

Another field of use is in fighting diseases by 
inhibiting the production of undesirable gene products, 
e.g. the major plaque protein which occurs in 
Alzheimer's disease or proteins which cause autoimmune 
diseases . 
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The invention win now be illustrated by way of the 
following non-1 imiting Examples with reference to the 
drawings in which: - 

Figure 1 is a graph of absorption at 280 nm of 
material eluted from an ion exchange column (Example 
lc) ; ■ 

Figures 2 to 4 are photographs of stained 
electrophoretic gels (Examples lc, 3c and 4); 

Figure 5 comprises photomicrographs of cells under 
fluorescent light (Example 5) ; 

Figures 6A and B are graphs showing haemoglobin 
levels against days in culture and concentration of an 
iron-bearing substance respectively (Example 7); 

Figure 7 shows nucleic acid sequences insertable 
into a plasmid; 

Figures 8 and 9 are graphs showing light emitted 
from cells versus DNA; 

Figures 10A and 10B are graphs showing light 

emitted from cells with re^nprt- 

wAuu respect to the presence of 

certain polycations/polycation-con jugate ; 

Figure 11 illustrates three mRNA sequences; 
Figure 12 is a photograph of an electrophoretic 

gel; 

Figure 13 is a graph showing the relationship of 
bound substance to total substance as described in 
Example 11; 

Figures 14 and 15 are graphs of cell fluorescence 
as described in Examples 12 and 13. 

ExaroolP i 



Preparation of t ransf Pr r in-pol y l y^™** 



i^ornjjqates 



Coupling was carried out using methods known from 
the literature (Jung et al.. ( 19 3i,, b y introducing 
disulphide bridges after modification with succini E idyl 
pyridyl dithiopropionate. 
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*> 3 --^-v ldithio)propionate . nodified transferrin: 

^/oi 1 ,:: to^r^rr ~ ~ 

«b-i„ f Sigma. Conalbumin Type"" ^ Chi ° ken 

CI M sodium phosphate buffw C J' 7 IT""^ 3 Bl ° f 
"0 Ml of „ ^ ethanolic solu ^ n 7 ; 5 »ix«l with 

Pyridyl dithio)propionate «* succ ln imid y l ,_ (2 _ 

h vi — the i ix ::; e s :::\: :r cia> with 

hour at ambient temperature with for 1 

Secular reaction p^T.^" 10 - 1 
were removed using a -el , T ° f rea ^"t 

n was determined by mean* ^ 
««.r ..lotion „ ith 11B J„' £ « °» 

A solution of - a _ 

-vc^ysine-h^ L L a :^• 0 f ^ 1, " 

cyanate < = FITC, - labelled I*?™' f luo "*~inisothio- 

"-00 - correspond ^ r ^ - — 

Polymerisation o f about 90) de S"« °* 

P^sphate (p „ 7 . 8) was fil L red 3 o ; r ° s f « «*iu. 
fluorescent labei ling . was carried out ! !* ^ ^ 
bicarbonate buffer pH 9 for 3 h S ° dlU5a 
solution was diluted with waterT} ' ^ 
270 Ml of a 15 « ethanolic solutl ^'"^ With 

borough snaKing and then e " " ^ 

darK at anient temper .Lr. * ln 

^^ing. After the add I tion tU o r " -th occasional 

acetate buffer (p H 5 ,» i-h • " sodium 

5.0, the „ ixture was f iUered ^ 
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Sephadex G-25 to separate off any lower molecular 
substances (eluant: 20 mM sodium acetate buffer pH 5.0). 
The product fraction (ninhydrin staining, fluorescence) 
was evaporated down in vacuo , adjusted to pH about 7 
with buffer, a solution of 23 mg (150 mboI) of 
dithiothreitol in 200 nl of water was added and the 
mixture was left to stand for 1 hour in the dark under 
argon at ambient temperature. Excess reducing agent was 
separated off by further gel filtration (Sephadex G-25, 
14 x 130 mm column, 10 mm sodium acetate buffer pH 5.0) 
and 3.5 ml of product solution of f luorescently labelled 
polylysine were obtained, containing 3.8 fiinol of 
mercapto groups (photometric determination using 
Ellman's reagent, 5 , 5 ' -dithiobis (2-nitrobenzoic aci<;) . 

c) Transf errin-polylysine conjugates: 

The solution of modified transferrin obtained in a) 
(7 ml in 0.1 M sodium phosphate buffer pH 7.8, about 
1.5 timol transferrin with about 2.6 /imol pyridyl 
dithiopropionate residues) was rinsed with argon; 2.0 ml 
of the solution of mercapto-modif ied polylysine obtained 
in b) (in 10 mm sodium acetate buffer pH 5.0, 
correspond:. *".g to about 0.6 jxmol of polylysine with about 
2.2 ymol ->i mercapto groups) were added, the mixture was 
rinsed with argon, shaken and left to react for 18 hours 
at ambient temperature in the dark and under argon. The 
reaction mixture was diluted with water to 14 ml and 
separated by ion exchange chromatography (Pharmacia Mono 
S column HR 10/10, gradient elution, buffer A: 50 mM 
HEPES pH 7.9, buffer B: A + 3 M sodium chloride, 
0.5 ml/min. Fig. 1). Non-conjugated transferrin was 
eluted at the start, product fractions at about 
6.66 - 1.5 M sodium chloride. 

Averaged over all the fractions, conjugates, were 
obtained containing a ratio of transferrin to polylysine 
of 1.3:1. 
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The conjugated products (ninhydrin staining, in UV 
at 280 nm protein absorption, and fluorescence 
measurement of FITC-labelled polylysine at 495 nm) wore 
collected in 6 fractions each containing about 10 mg of 
transferrin. The fractions were first dialysed .gainst 
a 100 mm iron (III) citrate solution (adjusted to pa 7.8 
with sodium hydrogen carbonate) and then twice more wits 
1 KM HEPES buffer (pH 7.5). 

Sodium dodecylsulphate gel electrophoresis (10% 
SDS. 8% polyacrylamide) , see Fig. 2, showed an 
approximately equal content of transferrin in all 6 
fractions after pretreat»ent with 2-mercaptoethanol 
(Fig. 2A) , whereas in the unreduced samples there were 
no visible bands for free transferrin, only less widely 
migrating conjugates (Fig. 2 U, T = untreated 
transferrin; 1-6 - conjugate fractions 1-6;. 

Example ? 

£££Earatj,on of transf err i n- pn ; Y ' y j 2^Umil 
transferrin-polylysinp 4Sn conjug ate ._( PL270 and nr^.,, 

a) Modified transferrin was produced analogously to 
Example 1 a) 

b) Preparation of modified polylysine 270 and 
polylysine 450 

A gel-filtered solution of 0.33 W mol polylysine 270 
(with an average degree of polymerisation of 270 lysine 
groups, with or without fluorescent labelling; 
corresponding to 19 mg of hydrobromide salt) in 1.2 ml 
of 75 mM sodium acetate buffer was adjusted to P H 8.5 by 
the addition of sodium carbonate buffer. in 2 of a 
15 mM ethanolic solution of SPDP (1.9 „nol) was added 
with vigorous stirring. One hour later, 200 „i i M 
sodiun acetate pH 5 were added; after gel filtration 
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with 20 iaM sodium acetate, a solution was obtained 
containing 0.27 jimol of polylysine 270 with 1.3 pmol 
raercapto groups (4.8 linkers per polylysine chain). 
Analogously, 0.20 j*mol of polylysine 450 (with an 
average degree of polymerisation of 4 50 lysine groups) 
were modified with 2.25 timol of SPDP, obtaining a 
product of 0.19 ^rool polylysine 4 50 with 2.1 jimol 
mercapto groups (11 linkers per polylysine chain). 
Analogously to Example 1 b) , the dithiopyridine groups 
were reduced with dithiothreitol , in order to obtain the 
free sulfhydryl components. 

c) Preparation of transf errin-polylysine conjugates 

Transf errin-polylysine 270 conjugates were prepared 
by mixing 1.0 jmol of modified transferrin in 100 mM 
phosphate buffer, pH 7.8, with 0.14 jinol of modified 
polylysine 270 (in 20 mM sodium acetate buffer) with the 
exclusion of oxygen in an argon atmosphere. After 18 
hours at ambient temperature the reaction mixture was 
diluted with water to a volume of 10 ml and fractionated 
by cation exchange chromatography (Pharmacia Mono S 
column HR 10/10; gradient elution, buffer A: 50 mM HEPES 
pH 7.9? buffer B: A + 3 M sodium chloride; UV absorption 
at 280 nm and fluorescence measurement, excitation 
480 nm, emission 530 nm) . The excess of non-coupled 
transferrin was eluted first; the product fractions were 
eluted at between 30% and 50% gradient B and pooled in 3 
conjugate fractions (molar ratios of transferrin to 
polylysine: pool A: 5.5 to 1; pool B: 3.4 to 1; pool C: 

1.8 to 1). The conjugates were obtained in an average 
yield of 0.23 pmol transferrin with 0.075 jimol of 
polylysine 270. 

Transf errin-polylysine 450 conjugeites were prepared 
in a similar manner, starting from 1.2 jimol of modified 
transferrin according to Ex^raple la) (in 20 mM HEPES pH 

7.9 containing 80 mM scUiura chloride) and 71 nmol cf 
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-rcapto-modified po lylysine 450 accQ 

2 b) in acetate buffer. *<«»pj.e 

The reaction mixture vas purified hv o»i 

chromatography (Pharmacia Supelse l2 co l Pe ™ eati °" 

... ^M^erose 12 column, l h 

guanidine chloride oh i i\ » j „^ 

HEPES n H , ' aft6r dia lysis (20 mM 

tranL C °" taini ^ "0 m« sodium chloride, yielded 

of transferrin with 38 nmol of polyi ysine 450 

iron cItrate S b U » 0rPOrated ^ addin9 6 " " " ° f 100 « 

! ! (containing sodium bicarbonate 

justed to P H 7. 8) to the saraples< pgr 

transferrin fraction. 
Example t 

a) Preparation of transferrin-protamine conjugates 
Modified transferrin was prepared as in Exanple 

A d) , 

b) Preparation of 3-mercaptopropionate-modif ied 

protamine 



tri«r " ° f 20 ° /ln ° 1) ° f P«t«lne 

trifluoracetate salt (prepared by ion exchange 

chromatography from salmon protamine ( = .. la . Bj _ 
sulphate. Sigma) in 2 ml of DHSO and 0 . 4 al Qf 
xsopropanol, containing 2 . 6 „ x (15 M) Qf 
diisoprop y iamine, was added a solution of 30 >Zl of 
SPDP x» 250 ,1 of iso P ropa nol and 250 ^ Qf ^ X ° f 
-vera! batches over a period of one hour. After 3 5 
hours at ambient temperature the solution „ 
aown under high vacuum and ta*e sn^r^r 
containing 10% methanol Gel fixation" L £ 

S d Wethan0l) afte ' 

lyophilisation, 16 ir.q <2 5 „,„i 

•alt. Edified with I i T *<~tate 

aifxed with 2.5 „ mo i of dithiopyridine linker. 
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Reduction of 1. 75 , Bol of protaffline ^ 

sod T ° f Unker> With " Bg ° £ -ithi.thr.lLl in 
sodium bicarbonate buffer. p „ 7 . 5 . for , hour * 

ar90n ' fOU °- d by .dju.t-.nt of the p H to 5 2 a , 

filtration over Sephadex cio with 20 L U 
buffer oh s 5 sodium acetate 

with ^ 3 Protanine solution modified 

with 1.6 „mol of mercaptopropionate linker. 

c) Preparation of transferrin-protamine conjugates 

b) (lT "r^°; ^ Pr ° tamine SOlUti ° n ° btai ^ - 

fi J ^ T r) With l - M " mo1 of transferrin 

(-odxf.ed with 3.x , mol of dithiopyridine Unker » 

subsequent purification by cation exchange 
chromatography as described for transf errin- P ol y i ysine 
con 3 ugates, yielded four product fractions a - III" 
one after the other rv. n t-,< • eiuted 
120 n Mo1 containing 90, 320, 240 and 

"0 nMol. respectively. ci nodified transferrin 
increasing amounts of «r-^i-,_- ^ 

electronhL ■ Protamine (determined by SDS gel 

electrophoresis; 10% <;n<? 01 R , ^ 
hlno f . , * SDS ' 8% Polyacrylaraide, Coonassie 

blue stamina* pi rt , ai,5ie 

electrooho. * ^ r6SUltS ° f the SOS gel 

electrophoresis. Tne Tfprot conjugate fractions A - I 
more slowly migrating bands (a, , whereas in 

mercaptoethanol-reduced samples (b, only the transf. ■ 
band was visible. Dial ysis and ' . * transferrin 

i«- were carried out as ^ b 'f or"^ • 
lysine conjugates TfpL270 and TJpM ^^ 

Example 4 

The complexes were prepared by ro i x in 7 dilute 

solutions of UNA (30 M g /ml or l 3ss) with the 

transferrin-polycation cor.iugates t„ nr ^ 



buffer was — « (phosphates 

conjugates,. The bi n ding »» «>^i Uty of the 

< Fl ^- <>• To each sa n?1 ' " ^ Ec ° R VHind II; 

« chloride. and P« 7 . 9 . conta ^ ni 

"creasing ainounts ^ 6 san >P^s were » ixed wi 

E f r a ; — tration of se q : u s c :;: ut d io - .„ . 

Electrophoresis on 1Un blonde of 2oo w , 

t««er was ca-rl~i a 9 ar °se gel with 

. «. zit :::r° -> - - 9 

iot j h — « -30-= «4 : X M A y 

^ fAlra (Kodak). 




In order to den,onst*- at » 
Polylysine conjugates desert ^ transf «" ir .- 
-"iciently absorbed int ^ i rlbed in »«-Pl. 1 are 
felled con jugat e s were ^^^^ mc- 
"86, that FlTC-l abelled d . Xt f 1S know " (schnut ot 
vesicles inside the * an ' f «»*n w as detocta^ 

"uorescence microscopy a V eXami ^ »-.r a 

^en removed. 1Ch *«n,f.rri„ had previousiy 

In the present Fxa»p le el -„^ u 

^ 3n EGF — ptor retrov ri ; s (tn ^ 
^.cu ba t e d for 18 hours *™». e et al, 

^^fr.nti.ting ffi ediu» / transfe "i"-f ree 
19ba> m edium (composition , 

988) at 37 "C (cell coneentr-M et al - 

ad ^ion ot the various ;: a t n r : ° n . 1 - 5 ^°V W l,. After 
~»J«*.t.. ( or, as a con " r^^" 6 

' """Ponding amount 
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crates (or. as a control, the corresponding amount 
of sterile twice distilled water,, the cells were 
incubated at 3VC in the presence of 10 ng/ml EGF in 
order to maintain the transformed state , . After 24 and 
43 hours, about Sxio 1 ™n. u- 

Bh , enh ' ° 5X10 Cells were "noved, vashed once in 
Phosphate-buffered physiological saline (PBS; p H 7 2l 
fixed with 50 tir.es the volume of a mixture of 3 n 
formaldehyde and 0.02% glutaraldehyde in PBS (io 
Minutes. 40-C). washod once in PBS , embedded in Elvanol 
and examined under a fluorescence microscope (Zeiss 
Axiophct. Narrow Band FITC and TRITC activation) At 
the same time, the growth rate of the cells was ' 
determined in other aliquots of the various mixtures 

of Vlr 11 , SUSPenSi ° n takCn the inCOr Potion 

of H-thy ffll dine ( 8 ^ci/ml, 2 hours, was determined as 

described in Leutz et al , 1984 . fig> 5 ^ ^ 

erythroblasts incubated with transferrin-polylysine show 
2 to 10 strongly fluorescing vesicles after 24 hours 
which cannot be detected in the controls. Table A 
that, with the exception of fraction 6, all the 
conjugates have been absorbed by virtually all the 
cells . 

Fig. 5 shows fluorescence images of chicken 
erythroblasts which have been incubated for 24 hours 
without (A, or with FITC-labelled transferrin-polylysine 
conjugates (B , C) . when they are activated with blue 
light (B, in order to detect FXTC, , significantly more 
fluorescing vesicles can be detected i„ each cell. Tne 
specificity of this fluorescence is shown by the fact 
that the vesicle fluorescence does not occur when 
activated with green light (C: at which a similar non- 
specific fluorescence of the cells can be seen as in A, 

The fact that the cells grow equally rapidly in all 
the samples (as oeasured by the incorporation of 
tritiated thymidine <>H TdR) , cf Table A at the end of 
the description, shows that the cells are not 
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dimensioned by the polyl ys i ne constructs and 
consequently non-specific uptake (e.g. tnrou9h ceU 
membranes which have become permeable, can be ruled out 



Examolo * 



The objective of the tests carried out in this 
Example was to show that the transferrin- P olyl ysine 
conjugates used here are used by the cell in the sam, 
way as native transferrin, i.e. they pass through the 
normal transferrin cycle with similar efficiency 
Erythroblasts which can be induced to mature into normal 
erythrocytes by "switching off" the transforming 
oncogene are particularly suitable as a test system for 
thxs purpose (Beug et al, 1982). The Uterature shows 
that for normal maturation such cells require high 
concentrations of transferrin-iron complex (loo to 
200 Mg/n i. 3 times lower concentrations prevent the 
cells from maturing and will result in the death of the 
cells after several days (Kowenz et al, 1986 ) ) . it has 
also been shown (Schmidt et al 1986) that recycling 
i.e. the reuse of transferrin receptors and hence a' 
transferrin cycle proceeding at opti.ua speed are 
indxspensible for normal In vjt^ differentiator 

Erythroblasts (transformed by the EGF-rec^tor 
retrovirus, were induced to differentiate by the removal 
of EGF and the addition of an optimum amount of 
partially purified chicken erythropoietin (Kowenz et 
al.. 1986, free from transferrin). Incubation was 
earned out at a ceil concentration of lxl0»/ml in 
transferrin-free differentiating medium at 42 -c and 5% 
CO,. At the start of incubation, either native 
transferrin-iron complex (Sigma, 100 „ g/Bl) was added Qr 
the iron-saturated transferrin-polylysine conjugates 
were added (concentration again 100 pg/„i) . Tne growth 
and maturity of the cells were analysed are 24 and 48 
hours by the following methods: 



£012311 



23 

1. by determining the number of cells (using a Coulter 
Counter, Model ZM, Beug et al, 1934) 

2. by recording cell size distributions (using a Coulter 
Channelyzer Model 2 56) and 

3. by photometric determination of the haemoglobin 
content of the cells (Kowenz et al., 1986). 

In addition, aliquots of the mixture were 
centrifuged after 72 hours in a cytocentrif uge (Shandon) 
on an object carrier and subjected to histochemical 
investigation to detect haemoglobin (staining with 
neutral benzidine plus Diff-Quik rapid staining for 
blood cells, Beug et al 1982). 

The results in Table 3 at the end of the 
description clearly show that cells which were induced 
to differentiate in the presence of the polylysine- 
transferr in conjugates fractions 1 to F mature just as 
efficiently and as fast as those which were incubated 
with native transf errin-iron . The cells in the 
transf err in--f re* controls, on the other hand, showed a 
much slower cell growth and accumulated only small 
amounts of ha-moglobin. Investigation of cell phenotype 
on stained cytospin preparations showed that the cells 
incubated with poly lysine-transferrin conjugates were 
matured into late reticulocytes (late reticulocytes, 
Beug et al., 198?) in just the same way as those which 
had been treated with native transferrin, whereas the 
cells incubated without transferrin constituted a 
mixture of disintegrated and immature cells resembling 
erythroblasts (Schmidt et al, 1986). Only the cells 
treated with transf errin-polylysine fraction 6 showed a 
lover haemoglobin content and a higher percentage of 
immature cells (Table B) . This shows that fraction 6 
conjugated with a particularly large amount of 
polylysine operates less well in the transferrin cycle. 
At the same time, this result indicates the sensitivity 
of the test method. 
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Example 7 



Just as in Example 6, various transferrin- 
polylysine conjugates and transferrin-protamine 
conjugates were examined for their ability to 
functionally replace the native transferrin- iron complex 
in the maturation of chicken erythroblasts into 
erythrocytes . 

It has already been shown that terminally 
differentiating chicken erythroblasts denand an 
optimally functioning transferrin cycle; i.e. without 
transferrin or if the transferrin receptor recycling is 
inhibited, the cells die off (Kowenz et al., 1986; 
Schmidt et al., 1986). Since the partially purified 
chicken erythropoietin normally used sti)l contains 
transferrin, EPO was replaced by a transf^rrin-f ree , 
partially purified erythroid growth factor in order to 
permit erythroid differentiation (REV factor; Kowenz et 
al., 1986; Beug et al., 1982): as target cells, 
erythroblasts which had been transformed with a 
retrovirus containing the human epidermal growth factor 
receptor (EGFR) together with a temperature-sensitive 
v-myb oncogen were replicated in CFU-E medium (Radke et 
al., 1982) in the presence of 20 ng/nl of EGF. These 
cells are activated to replicate abnormally by EGF, 
whilst the withdrawal of the growth factor EGF and the 
simultaneous addition of REV factor causes the cells to 
enter into normal differentiation. After being washed 
twice in transf err in-free medium the cells were 
transferred into transf errin-free medium and varying 
quantities of iron-saturated transferrin or trarslerrin- 
polycation conjugates were added (befora or after being 
ccmplexed with plasmid DNA) . After 1, 2 and 3 days' 
incubation at 4 2'C the differentiating state of the 
cells was determine*; by cytocentrifugation and 
histochemical staining or by quantitative haemoglobin 
measurement . 
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Tho results of these tests are shown in Fig. 6 or 
Table C (which is at the end of the description). 

The cells (1 x lo'/ml) were added to conalbumin-f ree 
differentiating medium (Zenke et al., 1988), 
supplemented by 1 pg/ml of insulin and REV factor at an 
optimum concentration (Kowenz et al.. 1986; dilution 
1:5,000), once without additives (triangles), once with 
iron-saturate conalbumin (circles) and once with iron- 
saturated TfpL 270 conjugates (squares) (loo M g/ml in 
each case); in 14 mm dishes. After incubation for 24 
and 48 hours, the haemoglobin content was 
photometrically determined in 100 m aliquots. The 
shaded area shows the haemoglobin content of cells grown 
without transferrin (average from 4 measurements; 
Fig. 6A) . 

In order to analysis the erythroid differentiation 
as a function of the concentration of transferrin or 
transferrin-polylysine. the cells were placed in medium 
containing the specified amounts of iron-saturated 
conalbumin (open circles) , TfpL 90 (open squares) or 
TfpL 270 (solid squares) as described above and after 2 
days the haemoglobin content was determined 
photometrically (Fig. 6B) . 



Table C: 



The erythroid differentiation was monitored by 
photometric haemoglobin measurement (see Fig. 6) , by 
counting in a Coulter counter or by cytocentrif ugation 
and subsequent neutral benzidine staining (to determine 
the haemoglobin, plus histological dyes (Diff Quik; Beug 
et al., 1982b). The final concentrations of transferrin 
and transferrin conjugates in test 1 „ ere 60 „ g/ral . in 
tests 2 and 3 they were 100 ;ig/ml. The DNA 
concentration in test 2 was 10 jig/ml. Thc proportion of 
disintegrated cells, mature cells (LR : i at(2 
reticulocytes; E : erythrocytes) and immature cells (Ebl) 



was determined using the methods described by Beug et 
al.. 1982b and Schmidt et al.. 19 86. The results 
obtained show that two different transf errin-pol yly sine 
conjugates (TfpL90 or TfpL270) as well as the 
transferrin-protamine conjugate are capable of 
functionally replacing native transferrin, by ensuring 
the rapid transfer of iron into cif ferentiating red 
cells, the specific activity thereof being 1.5 to 2 
times lower (cf. Fig. 6) . The complexing of DNA „i th 
transferrin-polylysine 270 and transferrin protein did 
not materially alter the biological activity of the 
con 3 ugates. m a control experiment it was established 
thac, when polylysine or protamine is ad ded, nixed with 
a suitable quantity of iron citrate instead of the 
transferrin conjugates, the cells were enable to 
differentiate and died off, j ust like the cells in the 
comparison samples which had been incubated without 
transferrin. 

All in all, the tests according to Examples 6 and • 
have shown that both types of polycation-transferrin 
conjugates transported iron only slightly less 
efficiently than natural transferrin. 

Example ft 



Polylysine-transferrin conjugates make it possible 
for DNA to be absorbed into chicken erythroblasts. 

The present Example was intended to investigate 
whether DNA of a size corresponding to that of tDNA 
ribozy^s (see Fig. 7, is capable of being efficiently 
transported into the ir.^rior of the cell by 
transferrin-polylysine conjugates. m the present 
Example, tDNA with an insert of the sequence 



CGTTAACAAS CT AACGTTG AGG GG CATG ATATCG GG CC 
CCGGGCAATT3TTCGATTGCAACTCCCCGTACTATAGC 
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molecular weight about 300.000 w as used . 

x.b.u- with ganna 32 p atp ( „ an ; t irr y 

this DNA, dissolved in 20 of | ^ ^ « ° f 

either with 10 m of nativ t » W T 

case dissolved in 50 ul of 100 3 ' ln each 

> g/m i of bov-n s ir a r ce ued vater pius 

Kifox albunin (Beug H. , et al 

erythroblasts were added (which had « \ 4Xl ° Chlcken 

transformed with an EOF « T PreV1 ° Usl * 

n an EGF receptor retrovirus a nd 
incubated for 18 hours in transferrin-^ T 
Presence of EGF ,Kha,aie K. , et ^.^ ^ 
-xcures were incited for 8 hours at „ c and s* r 
Then the cells were centrifuged off the " 
-oved and the c,Us were -I-J^.™"* ^ 
transferrin-free ^ediun Cell <^ • 

medium were t-*v«« culture 

« Had: r r ;: ™- ir* 1 •< ~ «. 

incubated for .T^".^ ^ 
with phenol/chloroform, and the DNA isola^ 
precipitation. Iso l ate d dna with 1 r * * ^ 

2000 cpm i„ all vere seFa ^ e n " dl0aCtivit * °< 
acryla.ide g ai (TBE " " n ° n - denatu ^9 3-5% 

bv autoradiography " ^ ^ ^ deteCted 

^ i u J" was shown th?it- 4« *-u 

sample treated with t-an,f * ° eU 

witn t^ansferrin-polylysine 
approximately 5 to in ' 

by the cells t, a i t ' 3 ^ ^ bMn abSOf ^ 

transferrin! C ° ntrCl Sampl " with ""iv. 



Polyl . Sine . trarisferrin conjugatea 

plasmid-DNA to be absorbed into ,„h P° ss ^le for 

•rythroblaats ^Pressed in chicken 
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In these tests. plasmid-DNA containing the Photinu* 
PYralls l"cif erase gene as reporter gene was used to 
investigate gene transfer and expression. For this 
purpose. pRJJVluc plasmid DMA (De Wet, J.R., et a i., 
1987) was prepared using the Triton-X lysis standard 
method (rfaniatis). followed by CsCl/EtBr equilibriun 
density gradient centrifugation. decolorising with 
butanol-i and dialysis with 10 » Tris/HCl, p H 7.5, x mm 
EDTA. In a typical complex forming reaction. 10 Mg of 
transferrin-polylysine or transferrin-protamine 
conjugates were slowly added, with careful stirring, to 
3 pg of pRSVluc plasmid DMA contained in 250 jil of 0 3 M 
Nad (it was established that these conditions are 
adhered to. up to 100 ^g of transf errin-polycation 
conjugate and 30 pg of plasmid-DNA can be used in a 
final volune of 500 M l without precipitation of the 
con 3 ugate/D N A complexes). After 30 minutes at ambient 
temperature, the complexes were added directly to 

5 - 10 X 10* HD3 cells (0 5 - 1 y in* 

4 " 3 1 * 10 cells per ml, EEM+H 
medium (Beug et al., l 98 2a; 37'C. 5\ C0 2 ) and the 

mixtures were incubated for 16 to i* hours (the cell 
line used was the ts-v-erbB transformed chicken 
erythroblast cell line HD3) . The cells were harvested 
(5 mm at 1500 x g. 4 -C. washed twice with phosphate- 
buffered saline (PBS) and taken up in 100 „i of 0 25 M 
tris/HCl, P H 7.5. cell extracts v ere prepared by three 
cycles of freeing and thawing, followed by high-speed 
centrifugation (15 min, 18 , 500 x g, 4'C). Aliquots of 
the.;e cell extracts were examined for the presence of 
luciferase enzyme activity (De Wet, J.R., et al., i 987) 
The bioluminescence was measured using clinilumate 
(Berthold. Wildbach, BRD) . It vas established that the 
presence of the transf errin-polycation/DNA complexes in 
the culture nedium does not have any harmful effects on 
cell growth or replication. As can be seen from Fig 8 
maximum luciferase activity was achieved when using 3 „ g 
of DNA/10 „g of TfpL and 0.3 - 1 „, of DNA/Tf prot. 
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Assuming that all the conjugate/DNA complexes formed 
were identical, this corresponds to a molar ratio of 25 
or 75 conjugate molecules per molecule of plasmid DNA. 
It can be concluded from this that the DKA in the 
coaplex is entirely covered by the conjugate molecules, 
and indeed at a conjugate/DNA ratio which obviously 
guarantees electroneutrality (calculated on the basis of 
the positive charges in the polycation which are 
necessary in order t-.o neutralise the negative charges of 
the phosphate groups in the DNA) . This assumption 
agrees with the observation that, compared with 
transferrin-polylysine, three times more 
transferrin/protamine, less strongly positively charged, 
is required for optimum complex forming and gene 
transfer. This assumption also accords with the results 
for the conjugate/DNA ratio obtained in Example 4 
required for efficient complex formation. 

The sensitivity of this gene transfer system was 
determined using a TfpL/DNA ratio which had been 
adjusted to the optimum for complex forming. The 
results of these tests are shown in Fig. 9: less than 
1 ng of plasmid DNA coding for luciferase still shows a 
detectable signal. The use of more than 2 M9 of plasmid 
DNA, complexed with 6 jig of TfpL or 20 jig of Tfprot, 
does not result in any further increase in luciferase 
activity, presumably because the system is saturated. 
IV. was also found that no special concentration of salt 
or icns is needed for the complex forming, since 
Ti.pI./DNA complexes formed at various salt concentrations 
(0, 20, 50 100, 200 mM NaCl) prove to be equally 
effective in gene transfer experiments. (Fig. 8 and 
Fig. 9: circles indicate Tfprot, squares indicate TfpL). 
i\ was possible to demonstrate that the absorption of 
t;'ansferrin-polycition/DNA complexes into the cells was 
effected via the transferrin receptor. First of all, as 
illustrated in Fig. 10A, it was found that the 
liciferase activity achieved by TfpL-DNA complexes is at 
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least 100 times higher than the activity measured for 
pL-DNA complexes. A comparison test shows that a v 
mixture of polylysine and transferrin alone did not 
facilitate th« uptake of plasmid ON A. In another test, 
an axcess of native transferrin was added to a constant 
quantity of TfpL-DNA complex. Fig. 10B shows that free 
transferrin in the medium efficiently competes for the 
DNA uptake mediated by TfpL, resulting in a reduction in 
the luciferase enzyme activity. From this it can be 
concluded that the uptake of the TfpL-DNA complexes by 
the cell is effected via the transferrin receptor. 

Example 10 

In preliminary tests it was established, by the 
transfection of chicker- fibroblasts with erbB cut DNA 
that the erbB cut ribozyme-tDNA is expressed in chicken 
cells. 

This Example shows that tDNA ribozymes directed 
against the erbB oncooene can be introduced into erbB- 
transformed chicken erythroblasts with the aid of 
polylysine-transferrin conjugates and can weaken the 
transforming activity of the oncogene. 

Two tRNA ribozyme genes, directed against the 
translation initiation region of erbB, were constructed 
(see Figs. 7 and 11). About 100 pg of each plasmid 
containing the gene were digested in EcoSI in order to 
free the tRNA ribozyme gene on a 325 bp fragment. 

The digestion products were terminally labelled by 
means of klenow fragment and purified by gel 
electrophoresis using a 2\ agarose/TBE gel. The vector 
fragment and the tRNA-ribozyme gene fragments were 
located by staining with ethidium bromide, cut out and 
recovered by electroelution, extraction with 
phenol/chloroform and chloroform and ethanol 
precipitation. The purified, radioactively labelled DNA 
fragments were then used, with the aid of the 
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PSPT 18 was used as the control DMA. 

The test cell system used was a chicken 
erythroblast cell line transformed by . ten.perature- 
sensitive mutant (ts 34, Graf et al . 1978) of 
erythroblastosis virus AEV (Beu g et al. L 2 b Z 
erbA oncogene which is also expressed in these cells can 

(h r ;r by a specific protein 

(H 7, (It was found that the v-erbA oncogene is 
phosphorylated in and in v^ (i . e . as . 

bacterially expressed protein, at two sites, namely 
Ser 28 and Ser 29 . by protein kinase c or by cAHP- 
dependent protein kinase. Mut ation of these serines to 
IZ>1 * PreV6ntS -d destroy th 

these two kinases and is capable of selectively stonni 
the changes caused by v-erbA (e.g. Mocking 
^-rentiation, i" erythroblasts which contain v-erbA- 

It is known that erythroblasts in which the erbB 

oncogen., is inactivated - e.g bv i„rr« • 

«--g. Dy increasing the 
temperature in the case nr > «. 

„ ^ ^ * ten Perature-sensitive erba 

the first indications of this process is the induction 

of haemoglobin synthesis, which can h» a + 

o . . * wnltf > can be detected by a 

sensitive test (acidic benzidine staini™ « n 

1Q-7R ^ ._ staining, Orkin et al 

1975, Graf et al, i* 78 , at the level of the single 

11 Id- ThUS '- a SPeCUiC *" the — er o 

benzidme-positive cells roight be expectcd as 

phenotypical effect of a ribo 2 ym e directed'acain^ v, 
in this test syste«. 9 CrbB 

The test series on which this Example is based was 
carried out as follows- • Was 

toiiows. the various DNA preparations 
(see above and Table D, . dissolved in 30 „l of TE 
buffer, were mixed with 10 „ g of native transferrin-iron 
co.pl., or transferrin- P olyly sine conjugate (disso ved 
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in 50 " X <* twice di s tiu ed vat. , 

for 30 minutes at 3 7 . c . then inc "°ated 

In the case of the 
-responding ^T^^"*- 
Preparations was used. The Li V t ""' fwi " 
were added to , ^ tran . * ^"■ f -» 1 "-«>*A fixtures 
—iu. (Zen.ce et al., 19 ae " t " di "-" n "*»"9 
W, were incubated before J'* teSt ^ (P« batch 

-::ir:r:; t r:r;r r in 

hours and 68 hours (see be i ow J" J"" ' ^ " 
—PI.. w 6re taken as described r s tr€:atBent •* ceils,. 
-Pernatant and cell sediment t^T™ int ° 
«d the DNA was analysed. ' " P in PK/SDS "uffer 

Fi 9. 12 shows that 
the cell sample treated ' w ™ to Exaraple 8# in 

5-io ti Bes more Dt(A was t " Mf «» i -Polyly.in.. 

- - control sanies witht^ ^n""' *" 

Trace m: molecular woi^h*. 

— H P an and radii::: e :;t::u 8 : 322 dna - — 

fragment of DNA poly...... ^ ^ 

T»ce 2: material f rora cells .. . 

and ES13 treatec with transferrin 

T "" 3: serial from cell* . ■ 

Polylysine and Esi 3 ^ Wlth t«nsferrin- 

After the end of incubati 
-re centric off and incuba" ^nT' ^ 
..containing differentiating med iu m w th t """*«i- 
and msulin (Kowenz et al i 986 , er ythro P oi etin 
Per batch and at 37 - C , i e in ' * Ct * l 2 ml 

verbs protein, for . fur tner ^J^™ ° f « active 

The following results were obtained: 
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1. As in Example 8, an increased uptake of DNA could 
be observed in the size of the erbB cut DNAs in the 
cell samples treated with transferrin-polylysine 
(about a 5-fold increase) . 

2. Table D shows that in every case where erbE cut 
ribozyme tDNA was introduced into erbB transformed 
erythroblasts with the aid of polylysine- 
transferrin constructs, the percentage of 
benzidine-positive cells was significantly 
increased (approximately doubled) (the standard 
used was the samples treated with vector DNA in 
which the u<;e of polylysine-transf errin conjugates, 
as expected, did not lead to any increase in the 
number of benzidine-positive cells). 

Example n/ 



Efficient binding and internalisation of 

transferrin-polylysine/DNA complexes in haematopoietic 
chicken cells 

The binding of TfpL and TfpL-DNA to cell surface 
receptors was measured with tritium-labelled substances 
using the method described by stein et al., i 984 . > H - 
labelled TfpL was prepared by conjugation of labelled 
polylysine with transferrin using the method described 
in Example 1. The lahelling of polylysine 90 was 
carried out by treating with i>rmaldehyde and J H-labelled 
sodium borohydride (Ascoli and Puet. 197/.) . Tne results 
of these tests are shown in Fig. 13. Labelled TfpL 90 
(squares) or labelled TfpL 90 completed with pB-SK- DNA 
(Promeg e . Siotech, prepared by Triton-X lysis, CSCl/EtBr 
equilibrium density gradient centrifugaticn, 
decolorisation with 1-butanol and dialysis gainst 10 *m 
Tris/HCl P H 7.5, 1 mH EDTA) (triangles) were 
investigated for their specific binding to the 
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transferrin receptor of HD3 cells. For this purpose the 
conjugates or complexes (0. 1 - loo nM) v-ere added to HD3 
cells (1 x 10 6 /ml in MEM (Eagle's Xinimcia Medium) + 1% 
BSA) and incubated for 3 hours. Fig. 13 shows that both 
the conjugates and also the complexes tind to HD3 cells 
in such a way that saturation occurs. The apparent 
binding constants calculated from theso data amounted to 
22 nM for TfpL and 43 nM for TfpL-DNA duplexes. 
Although somewhat higher, these values correspond 
relatively veil to those obtained for native 
transferrin, which were found to be l<> nil (Killisch). 

In order to monitor the uptake of TfpL-DHA 
complexes into intracellular vesicles, first of all HD3 
cells were incubated at 37 'C for 18 hours with 
transferrin-free differentiating medLum. After the 
addition of FITC transferrin or TfpL conjugates 
(labelled with FITC at the polylysire group, and 
complexed with DNA in some experiments), the cells were 
incubated for a further 18 hours. The cells were 
cytocentrifuged,. fixed with a mixture of 3.7% 
formaldehyde and 0.02% glutaraldehyde, washed with P3S, 
embedded in Mowiol 4.88 and examined under a Zeiss 
Axiophot Fluorescence Microscope. The control used 
consisted of FITC-labelled goat arti-mouse antibodies 
(0.1 ng/ml) (see Example 5). For quantitative 
determination of FITC-Tf , FITC-TfpL and FITC-Tf pL/DNA, 
the Crtlls were incubated for 6 hcurs with the 
preparation in question (Tf: 40 j.g/ml; TfpL270: 
50 /jg/ml; TfpL270 plus pB-SK-DNA (Promega Biotech, 
prepared by Triton-X lysis, CSCl/EtBr equilibrium 
density gradient centr i f ugation, decolorising with l- 
butanol and dialysis against 100 mM Tris/HCl pH 7.5, 
1 mM EDTA): 50 jig/ml or 16 vg/ml; binding buffer), 
washed 3 times in cold PBS/BSA and subjected to 
quantitative FACS analysis in n Becton-Dicxinson (BD) 
FACSAN . 

Fig. 14 shows that both with TfpL and with Tfp 
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LDNA, all the cells have a relative fluorescence 
increased more than 10 times, indicating that the 
con 3 ugates or complexes have been taken up by ttore than 

^ CeUS < Tf = ' TfpL: . . .; TfpL/DNA: , 

binding buffer: ). 



Example j? 



of Tfpt PreSSi ° n ^ abSOrbSd int ° C6U by Mans 

After it had been established in the preceding 
Examples that the gene transfer with TfpL is not harmful 
to cell growth, the activity of TfpL-DNA complexes which 
were used themselves for a longer period of time was 
tested (the CNA used was plasaid DMA containing the 
lucxferase gene, as described in Example 9). In 
test, the same concentration of HD3 cells „ as incubated 

1 to 4 days with cr without- j,ii„ 
TfrM n» s , "ithout daily supplementing with 

TxpL-Dh'A complexes. 

At various intervals of time, aliquot, were 
investigated for lucerifase enzyme activity, as 
describe, in Example 9. z, che cultures with repeated 
addition of the complexes, a relatively high level of 
lucxferase gene expression was measured (100.000 to 
200.000 light units per lo' cells,, which remain 
substantial^ constant throughout the entire observation 
perxod. During this period, no cytotoxic effects were 

1 1 ". MU - ™" ^th the complexes only 

2 ith I T 6 " 86 aCtWity dCCreaSed bet — th. 2nd 
and 4th days by a factor of io to 20. These results 

•TLTT \1 SPite ° f ° bViOUSly tfanSient «P««ion 

of the luciferase gene, introduced into the cell with 

the aid of the conjugates according to the invention, a 
constantly high expression of the introduced genes can 
be maintained by repeated addition. 
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Example 13 



In order to establish how large a proportion of 
cells actually express plasmid DNA introduced by 
transferrin infection, HD3 cells were incubated with 
TfpL/DNA complexes as described in the preceding 

Examples. pRSV-0Gal plasmid DNA ( ) was used as the 

DNA. The expression of this reporter gene was then 
investigated in individual cells by FACS analysis (Nolan 
et al. f 1986). TfpL-pB-SX-DNA (...) was used as the 
control. The fluorescence 0Gal substrate FDG 
(fluorescone-Di-0-d-galactopyranoside) was introduced by 
osmotic shock and the distribution of cells containing 
fluorescene which was released from FDG by the £Gal 
enzyme activity was investigated. Uniform distribution 
of fluorescene-containing cells leads to the conclusion 
that a large proportion of cells express the 0Cal 
reporter gene. The results of these tests are shown in 
Fig. 15. 
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